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1. INTRODUCTION	  

On	  the	  behalf	  of	  SHB	  Inc.	  (SHB),	  Environmental	  Restoration	  Group	  Incorporated	  (ERG)	  has	  prepared	  this	  
report	  describing	  computer	  modeling	  used	   to	  estimate	   the	  exposure	   rates	  posed	  by	   ionizing	   radiation	  
emitted	   from	  mineralized	  material	   obtained	  using	   ablation	   technology	   from	  an	  underground	  uranium	  
mine.	   Ablation	   technology	   is	   used	   to	   increase	   the	   average	   grade	   of	   the	   ore.	   	   Microshield	   (Grove	  
Software,	  2014)	  was	  used	  to	  as	  the	  primary	  modeling	  code	  for	  this	  effort.	  In	  addition,	  the	  Monte	  Carlo	  
N-‐Particle	  5	  (MCNP5)	  v.	  1.60	  code	  and	  data	  libraries	  (LANL,	  2011)	  were	  used	  to	  validate	  the	  Microshield	  
results	  and	  help	  quantify	  the	  conservative	  protocols	   inherent	  to	  Microshield,	  as	  well	  as	  those	   input	  by	  
ERG.	  

2. METHODS	  AND	  MODEL	  INPUTS	  

Each	  source	  was	  modeled	  separately	  and	  the	  exposure	  rates	  summed.	  This	  method	  did	  not	  account	  for	  
shielding	  from	  components	  or	  equipment,	  other	  than	  self-‐shielding	  of	  the	  component	  being	  modeled.	  

The	  model	  inputs	  include	  components,	  sources,	  and	  receptors,	  as	  described	  below.	  	  

2.1 Components	  

Fourteen	  components	  were	  modeled.	  Dimensions	  of	  each	  component	  were	  provided	  by	  SHB	  in	  the	  form	  
“length	  by	  width	  by	  height”,	  suggesting	  cuboidal	  geometries.	  To	  facilitate	  the	  modelling	  effort,	  each	  was	  
modeled	   as	   a	   cylinder	   of	   varying	   radius	   and	   length	   based	   on	   its	   dimensions,	   in	   both	   MCNP5	   and	  
Microshield.	   A	   radius	   for	   each	   cylindrically	   modeled	   component	   was	   found	   by	   dividing	   the	   volume	  
calculated	  using	  the	  provided	  dimensions	  and	  dividing	  by	  the	  length	  of	  the	  component	  which	  was	  then	  
divided	  by	  pi	   and	   the	   square	   root	   taken.	   Each	   component	  was	  modeled	  as	  either	  uncovered	  ore	  or	   a	  
steel	  cylinder	  with	  ore	  in	  its	  interior.	  	  

Table	  1	  lists	  the	  components	  and	  their	  pertinent	  geometry;	  and	  shielding	  materials	  and	  thicknesses.	  	  
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Table	  1:	  Components	  Modeled	  

Component	   Length	  
(cm)	  

Radius	  
(cm)	  

Shielding	  
Material	  

Shielding	  Thickness	  
(mm)	  

Cone	  Crusher	   235	   116.5	   Steel	   50	  
Conveyor	  #	  1	   304	   	  	   None	   	  N/A	  
ROM	  Hopper	   244	   137.7	   Steel	   4.7625	  
Conveyor	  #	  2	   304	   	  	   None	   	  N/A	  
Mix	  Tank	   259	   123.0	   Steel	   9.525	  

Ablation	  Units	  (3)	  	   777	   123.0	   Steel	   4.7625	  
Orival	  Filters	  (3)	   165	   52.1	   Steel	   4.7625	  
Centrifuge	  (3)	   165	   52.1	   Steel	   4.7625	  
Filter	  Press	   1219	   97.9	   Steel	   4.7625	  

Filter	  Press	  #2	   1219	   97.9	   Steel	   4.7625	  
Super	  Sack	  Filling	  Station	   366	   163.2	   Steel	   4.7625	  

Truck	  to	  surface	   1066	   123.8	   Steel	   9.525	  

Storage	  pad	  for	  waste	  rock	   305	   343.5	   None	   	  N/A	  

Waste	  Truck	  to	  underground	  
dump	   1066	   123.8	   Steel	   9.525	  

Notes:	  
cm	  =	  centimeter	  
mm	  =	  millimeter	  

2.2 Sources	  

Each	  component	  in	  Table	  1	  was	  modeled	  as	  a	  source	  of	  radiation	  with	  radioactive	  material	  contained	  in	  
its	  interior	  or	  as	  the	  component	  itself	  (e.g.,	  the	  waste	  trench	  and	  conveyors).	  Important	  characteristics	  
of	  these	  sources	  included	  the	  mass,	  density,	  volume,	  percent	  solids,	  and	  average	  grade	  of	  uranium.	  	  

Important	  physical	   characteristics	  of	   the	   sources	  are	  presented	   in	  Table	  2	  and	  were	  provided	  by	  SHB.	  
The	  mass	  of	  the	  material	  was	  given	  as	  a	  dry	  equivalent	  mass.	  However,	   in	  many	  cases,	  the	  radioactive	  
material	  was	  modeled	  as	  a	  slurry:	  a	  mixture	  of	   rock	  and	  water.	  Therefore,	   the	  mass	  of	   the	  water	  was	  
added	  to	  the	  dry	  equivalent	  mass.	  To	  model	  the	  slurry,	  the	  density	  of	  the	  material	  was	  changed	  from	  the	  
density	  of	  pure	  rock	  (2	  g/cm3),	  to	  that	  of	  rock	  and	  water.	  This	   lowered	  the	  density	  of	  the	  mixture	  to	  a	  
greater	   extent	   for	   materials	   with	   a	   smaller	   percentage	   of	   solids.	   The	   additional	   water	   was	   also	  
incorporated	  into	  the	  slurry	  in	  the	  Microshield	  and	  MCNP5	  inputs	  as	  a	  larger	  incorporation	  of	  hydrogen	  
and	   oxygen	   in	   the	   slurry’s	   elemental	   composition.	   	   Steel	   shells	  were	   assumed	   to	   have	   a	   density	   of	   8	  
g/cm3	   and	   were	   modeled	   as	   stainless	   steel	   type	   304L.	   All	   material	   elemental	   compositions	   were	  
modelled	  on	  data	  from	  “Compendium	  of	  Material	  Composition	  Data	  for	  Radiation	  Transport	  Modelling”	  
(PNNL,	  2011).	  	  	  

To	   facilitate	   the	   modelling	   effort,	   the	   interior	   of	   each	   component	   was	   assumed	   to	   be	   filled	   with	  
radioactive	   material	   (slurry	   or	   ore);	   i.e.	   the	   material	   was	   distributed	   evenly	   in	   its	   volume,	   even	   if	   it	  
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occupied	   only	   a	   portion	   of	   the	   volume.	   In	   this	   case,	   the	   density	   provided	   by	   SHB	   was	   modified	  
accordingly.	  However,	   the	  mass	  of	   the	  material	  was	  unchanged.	   The	  modeled	  density	  of	   the	  material	  
was	  calculated	  as	  the	  material	  mass	  divided	  by	  the	  volume	  of	  the	   interior	  of	  the	  component	  (far	  right	  
column	  of	  Table	  2).	  This	   is	  a	  conservative	  assumption,	  which	  allows	   for	   less	  mass	   to	  contribute	  to	   the	  
attenuation	  of	  gamma	  radiation	  between	   the	  source	  and	   receptor.	  Based	  on	   the	  MCNP5	  validation	   in	  
Section	  3.1,	  this	  assumption	  could	  be	  quite	  conservative	  and	  result	   in	  overestimates	  of	  exposure	  rates	  
by	  approximately	  40%.	  

Table	   2	   lists	   by	   component	   1)	   equivalent	   dry	  mass	   of	   ore	   or	   slurry	   in	   the	   component	   2)	   the	   average	  
grade	  of	  uranium	  and	  activity	  per	  cubic	  centimeter	  for	  U-‐238	  and	  U-‐235,	  including	  their	  decay	  progeny;	  
2)	  its	  interior	  volume;	  and	  dry	  equivalent	  mass	  and	  density	  of	  the	  ore	  or	  slurry;	  and	  3)	  the	  total	  density	  
(density	  of	  the	  component	  contents	  including	  void	  space).	  	  Emission	  rates	  for	  photons	  were	  taken	  from	  
Microshield	  data	  libraries	  for	  the	  Microshield	  calculations,	  while	  photon	  emission	  rates	  for	  MCNP5	  were	  
taken	   from	   a	   program	   published	   by	   Lawrence	   Livermore	   National	   Laboratory	   (LLNL,	   2015).	  
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	  Table	  2:	  Source	  Information	  

Component	  
Dry	  Equivalent	  	  
Mass	  of	  Ore	  or	  
Slurry	  (kg)	  

Average	  U	  
grade	  of	  

solids	  (%	  U)	  

Interior	  Volume	  of	  
Component	  (cubic	  
centimeters	  [cc])	  

U-‐238	  +	  
D	  (Bq/cc)	  

U-‐235	  +	  
D	  (Bq/cc)	  

Density	  of	  
Ore	  or	  

Slurry	  (g/cc)	  

Total	  Density	  	  of	  
Contents	  Including	  
Void	  Space	  (g/cc)	  

Cone	  Crusher	   45	   0.25	   10024395	   0.13	   0.01	   2.00	   0.004	  
Conveyor	  #	  1	   270	   0.25	   135000	   60.00	   2.70	   2.00	   2.000	  
ROM	  Hopper	   21000	   0.25	   14526784	   43.37	   1.95	   2.00	   1.446	  
Conveyor	  #	  2	   270	   0.25	   135000	   60.00	   2.70	   2.00	   2.000	  
Mix	  Tank	   340	   0.25	   12302241	   0.83	   0.04	   1.11	   0.138	  

Ablation	  Units	  (3)	  	   1020	   0.25	   36906723	   0.83	   0.04	   1.11	   0.138	  
Orival	  Filters	  (3)	   24	   0.75	   1404480	   1.54	   0.07	   1.05	   0.171	  
Centrifuge	  (3)	   12	   1	   1404480	   1.03	   0.05	   1.03	   0.171	  
Filter	  Press	   2270	   1	   36687024	   7.42	   0.33	   1.60	   0.082	  

Filter	  Press	  #2	   2270	   1	   36687024	   7.42	   0.33	   1.60	   0.082	  
Super	  Sack	  Filling	  

Station	   4536	   1	   30608946	   17.78	   0.80	   1.60	   0.198	  

ABT	  Product	  Truck	  to	  
Surface	  (Truck	  #1)	   9072	   1	   51289524	   21.23	   0.95	   1.60	   0.236	  

Storage	  pad	  for	  waste	  
rock	   160000	   0.01	   113025680	   1.70	   0.08	   1.74	   1.665	  

Waste	  Rock	  Truck	  to	  
Underground	  Dump	  	  

(Truck	  #2)	  
9072	   0.01	   51289524	   0.21	   0.01	   1.74	   0.208	  

Notes:	  
Bq/cc	  =	  Bequerels	  per	  cubic	  centimeter	  
cc	  =	  cubic	  centimeter	  
g/cc	  =	  grams	  per	  cubic	  centimeter	  
kg	  =	  kilograms	  
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2.3 Receptors	  

Twenty-‐four	   receptors	   were	  modeled	   at	   the	   center	   points	   of	   a	   6.1	  meter	   (m)	   square	   grid	   (the	   given	  
dimensions	  of	  the	  room	  were	  24.4	  m	  by	  36.6	  m).	  	  Some	  receptors	  were	  offset	  from	  the	  center	  points	  if	  
they	  were	  co-‐located	  with	  a	  component.	  Figure	  1	  shows	  the	  receptor	  locations.	  	  

2.4 Microshield	  Results	  

Results	   in	  units	  of	  exposure	  rate	  (milliRoentgen	  per	  hour	  (mR/hr))	  were	  plotted	  and	  kriged	  to	  produce	  
Figure	  1,	  a	  map	  depicting	  the	  exposure	  rates	  (at	  receptor	  locations	  and	  interpolated)	  that	  are	  predicted	  
for	  the	  ablation	  technology	  room.	  Kriging	  interpolated	  exposure	  rates	  between	  the	  24	  receptor	  points.	  
The	  kriging	  did	  not	  account	   for	   the	   components,	   as	   is	  evidenced	  by	   the	  asymmetry	  of	  exposure	   rates	  
around	  components	  as	  the	  kriging	  created	  an	  estimated	  exposure	  rate	  for	  each	  point	  on	  the	  map	  based	  
on	   the	   24	   explicit	   receptor	   locations.	   Table	   3	   lists	   the	   exposure	   rates	   predicted	   for	   each	   of	   the	   24	  
receptors	  attributable	  to	  each	  source	  and	  total	  exposure	  rates	  by	  receptor.	  
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Table	  3:	  Microshield	  Results	  

Component	  
Receptor	  Location	  Exposure	  Rate	  (mR/hr)	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	  

Cone	  Crusher	   1.88E-‐05	   1.79E-‐05	   1.12E-‐05	   6.75E-‐06	   4.78E-‐06	   4.06E-‐06	   3.75E-‐05	   3.54E-‐05	   1.64E-‐05	   9.92E-‐06	   7.70E-‐06	   6.44E-‐06	  

Conveyor	  1	   5.27E-‐05	   5.48E-‐05	   5.17E-‐05	   4.06E-‐05	   2.87E-‐05	   2.15E-‐05	   1.06E-‐04	   1.18E-‐04	   9.99E-‐05	   6.32E-‐05	   3.75E-‐05	   2.55E-‐05	  

ROM	  Hopper	   3.46E-‐03	   3.65E-‐03	   3.62E-‐03	   3.31E-‐03	   2.55E-‐03	   1.99E-‐03	   6.57E-‐03	   7.85E-‐03	   7.75E-‐03	   5.96E-‐03	   3.78E-‐03	   2.61E-‐03	  

Conveyer	  2	   4.47E-‐05	   5.42E-‐05	   5.63E-‐05	   5.26E-‐05	   4.06E-‐05	   3.09E-‐05	   7.34E-‐05	   1.11E-‐04	   1.22E-‐04	   1.01E-‐04	   6.24E-‐05	   4.13E-‐05	  

Mix	  Tank	   2.21E-‐04	   2.98E-‐04	   3.67E-‐04	   3.42E-‐04	   2.71E-‐04	   2.13E-‐04	   3.36E-‐04	   5.46E-‐04	   7.80E-‐04	   6.96E-‐04	   4.63E-‐04	   3.16E-‐04	  

Ablation	  Tanks	   5.64E-‐04	   8.34E-‐04	   1.15E-‐03	   1.37E-‐03	   1.31E-‐03	   1.11E-‐03	   6.88E-‐04	   1.22E-‐03	   2.09E-‐03	   2.90E-‐03	   2.66E-‐03	   1.94E-‐03	  

Orival	  Filters	   3.47E-‐05	   4.95E-‐05	   7.03E-‐05	   9.36E-‐05	   1.10E-‐04	   1.05E-‐04	   4.16E-‐05	   6.53E-‐05	   1.08E-‐04	   1.76E-‐04	   2.34E-‐04	   2.20E-‐04	  

Centrifuges	   2.03E-‐05	   2.89E-‐05	   4.14E-‐05	   5.70E-‐05	   6.98E-‐05	   7.37E-‐05	   2.38E-‐05	   3.65E-‐05	   5.95E-‐05	   9.91E-‐05	   1.46E-‐04	   1.58E-‐04	  

Filter	  Press	  1	   6.45E-‐03	   1.06E-‐02	   1.66E-‐02	   2.23E-‐02	   2.25E-‐02	   1.86E-‐02	   6.89E-‐03	   1.44E-‐02	   3.21E-‐02	   5.72E-‐02	   5.83E-‐02	   3.97E-‐02	  

Filter	  Press	  2	   6.98E-‐03	   1.32E-‐02	   2.52E-‐02	   3.95E-‐02	   3.98E-‐02	   2.94E-‐02	   5.81E-‐03	   1.43E-‐02	   5.03E-‐02	   1.49E-‐01	   1.53E-‐01	   7.54E-‐02	  

Sack	  Filling	  Station	   1.87E-‐02	   3.03E-‐02	   3.96E-‐02	   3.16E-‐02	   1.96E-‐02	   1.31E-‐02	   2.85E-‐02	   7.10E-‐02	   1.48E-‐01	   7.81E-‐02	   3.09E-‐02	   1.72E-‐02	  

Truck	  #	  1	  	   6.06E-‐02	   6.52E-‐02	   4.30E-‐02	   2.25E-‐02	   1.15E-‐02	   7.03E-‐03	   1.73E-‐01	   2.02E-‐01	   8.09E-‐02	   2.51E-‐02	   1.02E-‐02	   5.91E-‐03	  

Truck	  #	  2	  	   8.91E-‐05	   1.95E-‐04	   6.88E-‐04	   1.17E-‐02	   1.55E-‐02	   3.88E-‐03	   8.61E-‐05	   1.88E-‐04	   5.12E-‐04	   1.40E-‐03	   1.82E-‐03	   1.12E-‐03	  

Waste	  Trench	   4.14E-‐04	   6.15E-‐04	   9.85E-‐04	   1.80E-‐03	   4.46E-‐03	   2.02E-‐02	   4.53E-‐04	   6.94E-‐04	   1.16E-‐03	   2.24E-‐03	   5.58E-‐03	   2.09E-‐02	  

Total	  Exposure	  Rate	   9.76E-‐02	   1.25E-‐01	   1.31E-‐01	   1.35E-‐01	   1.18E-‐01	   9.58E-‐02	   2.22E-‐01	   3.13E-‐01	   3.24E-‐01	   3.23E-‐01	   2.67E-‐01	   1.65E-‐01	  

Notes:	  	  
mR/hr	  =	  milliRoentgens	  per	  hour	  
�	  
The	  exposure	  rate	  at	  receptor	  location	  15	  was	  originally	  found	  to	  be	  2.57	  mR/hr	  and	  was	  located	  3	  cm	  from	  the	  sack	  filling	  station	  surface.	  This	  contribution	  was	  reran	  at	  one	  meter,	  which	  resulted	  

in	  the	  tabulated	  value.	  	  
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Table	  3:	  Microshield	  Results	  (Concluded)	  	  

Component	  
Receptor	  Location	  Exposure	  Rate	  (mR/hr)	  

13	   14	   15	  �	   16	   17	   18	   19	   20	   21	   22	   23	   24	  

Cone	  Crusher	   8.24E-‐05	   7.55E-‐05	   2.62E-‐05	   2.21E-‐05	   1.44E-‐05	   1.02E-‐05	   4.50E-‐04	   4.44E-‐04	   1.09E-‐04	   4.19E-‐05	   2.19E-‐05	   1.43E-‐05	  

Conveyor	  1	   2.25E-‐04	   3.13E-‐04	   2.01E-‐04	   9.30E-‐05	   4.36E-‐05	   2.70E-‐05	   5.65E-‐04	   6.06E-‐03	   3.92E-‐04	   8.99E-‐05	   3.78E-‐05	   2.22E-‐05	  

ROM	  Hopper	   1.20E-‐02	   2.06E-‐02	   1.96E-‐02	   1.13E-‐02	   4.79E-‐03	   3.08E-‐03	   2.25E-‐02	   2.11E-‐01	   1.12E-‐01	   1.65E-‐02	   6.02E-‐03	   3.37E-‐03	  

Conveyer	  2	   1.07E-‐04	   2.44E-‐04	   3.31E-‐04	   2.28E-‐04	   8.95E-‐05	   4.84E-‐05	   1.15E-‐04	   6.60E-‐04	   7.03E-‐03	   3.50E-‐04	   8.54E-‐05	   4.10E-‐05	  

Mix	  Tank	   4.67E-‐04	   9.77E-‐04	   1.99E-‐03	   2.04E-‐03	   8.44E-‐04	   4.52E-‐04	   7.06E-‐04	   2.19E-‐03	   2.13E-‐02	   8.56E-‐03	   1.46E-‐03	   6.46E-‐04	  

Ablation	  Tanks	   6.93E-‐04	   1.51E-‐03	   3.71E-‐03	   9.59E-‐03	   7.75E-‐03	   3.44E-‐03	   6.27E-‐04	   1.45E-‐03	   6.09E-‐03	   1.12E-‐01	   5.22E-‐02	   4.69E-‐03	  

Orival	  Filters	   4.62E-‐05	   7.74E-‐05	   1.48E-‐04	   3.84E-‐04	   8.29E-‐04	   5.94E-‐04	   5.26E-‐05	   9.20E-‐05	   4.95E-‐04	   6.44E-‐04	   1.04E-‐02	   2.74E-‐03	  

Centrifuges	   2.61E-‐05	   4.19E-‐05	   7.62E-‐05	   1.80E-‐04	   4.51E-‐04	   4.79E-‐04	   2.95E-‐05	   4.90E-‐05	   9.53E-‐05	   2.53E-‐04	   1.64E-‐03	   8.84E-‐03	  

Filter	  Press	  1	   5.34E-‐03	   1.30E-‐02	   5.36E-‐02	   3.79E-‐01	   3.90E-‐01	   1.04E-‐01	   5.32E-‐03	   1.27E-‐02	   5.53E-‐02	   2.67E-‐01	   2.80E-‐01	   1.02E-‐01	  

Filter	  Press	  2	   6.01E-‐03	   1.43E-‐02	   7.13E-‐02	   7.21E-‐01	   7.32E-‐01	   1.77E-‐01	   6.55E-‐03	   1.48E-‐02	   3.83E-‐02	   8.00E-‐02	   8.33E-‐02	   4.98E-‐02	  

Sack	  Filling	  Station	  �	   3.70E-‐02	   1.48E-‐01	   1.01E+00	  �	   2.15E-‐01	   4.33E-‐02	   2.07E-‐02	   3.07E-‐02	   8.88E-‐02	   2.61E-‐01	   1.04E-‐01	   3.53E-‐02	   1.81E-‐02	  

Truck	  #	  1	  	   1.39E+00	   1.51E+00	   1.63E-‐01	   2.92E-‐02	   1.10E-‐02	   6.39E-‐03	   2.50E-‐01	   3.07E-‐01	   9.51E-‐02	   2.47E-‐02	   9.99E-‐03	   5.83E-‐03	  

Truck	  #	  2	  	   9.59E-‐05	   1.83E-‐04	   3.57E-‐04	   5.37E-‐04	   6.13E-‐04	   5.28E-‐04	   9.08E-‐05	   1.43E-‐04	   2.15E-‐04	   2.89E-‐04	   3.11E-‐04	   2.74E-‐04	  

Waste	  Trench	   4.53E-‐04	   6.92E-‐04	   1.16E-‐03	   2.22E-‐03	   5.52E-‐03	   2.04E-‐02	   4.14E-‐04	   6.14E-‐04	   9.85E-‐04	   1.80E-‐03	   4.32E-‐03	   1.94E-‐02	  

Total	  Exposure	  Rate	   1.46E+00	   1.71E+00	   1.33E+00	   1.37E+00	   1.20E+00	   3.38E-‐01	   3.18E-‐01	   6.46E-‐01	   5.98E-‐01	   6.16E-‐01	   4.85E-‐01	   2.16E-‐01	  

Notes:	  	  
mR/hr	  =	  milliRoentgens	  per	  hour	  
�	  
The	  exposure	  rate	  at	  receptor	  location	  15	  was	  originally	  found	  to	  be	  2.57	  mR/hr	  and	  was	  located	  3	  cm	  from	  the	  sack	  filling	  station	  surface.	  This	  contribution	  was	  reran	  at	  one	  meter,	  which	  resulted	  

in	  the	  tabulated	  value.	  	  
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Figure	  1:	  Mapped	  Exposure	  Rates	  (mR/hr)	  
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3. DISCUSSION	  OF	  RESULTS	  

Modeled	  exposure	  rates	  in	  the	  room	  are	  all	  greater	  than	  0.09	  mR/hr.	  The	  largest	  sources	  of	  exposure	  in	  
the	  room	  are	  the	  sack	  filling	  station	  and	  Truck	  #1.	   	  The	  summed	  “Total	  Exposure	  Rates”	  in	  Table	  3	  are	  
affected	  largely	  by	  the	  presence	  of	  Truck	  #	  1	  and	  sack	  filling	  station.	  For	  example,	  if	  the	  truck	  is	  empty	  	  	  
(which	  it	  will	  be	  at	  some	  times)	  the	  exposure	  rate	  at	  the	  “Control	  Shack”	  (Location	  1)	  lowers	  from	  0.09	  
to	  0.03	  mR/hr.	  	  

The	  exposure	  rates	  can	  be	  translated	  to	  dose	  rates	   (approximated)	   in	  millirem	  per	  hour	   (mrem/hr)	  by	  
being	  multiplied	  by	  0.877	  rad	  absorbed	  dose	  in	  air	  per	  Roentgen	  and	  multiplied	  by	  the	  ratio	  of	  the	  mass	  
energy	  absorption	  coefficient	  for	  tissue	  over	  the	  mass	  energy	  absorption	  for	  air	  (a	  ratio	  of	  approximately	  
1.1).	  	  

The	  Microshield	  and	  MCNP5	  outputs	  are	  available	  upon	  request.	  	  

3.1 Validation	  with	  MCNP5	  and	  Sources	  of	  Error	  

The	   results	   obtained	   using	   Microshield	   were	   validated	   by	   comparing	   them	   to	   those	   obtained	   using	  
MCNP5.	  The	  filter	  press	  was	  modeled,	  for	  example,	  using	  the	  parameters	  described	  in	  Section	  2.0,	  using	  
both	  models.	  The	  point	  of	  interest	  was	  1	  m	  from	  the	  center	  of	  the	  filter	  press,	  which	  was	  modeled	  as	  a	  
cylinder.	  The	  MCNP5-‐derived	  exposure	   rate	  was	  0.452	  mR/hr.	  The	  Microshield-‐	  derived	  exposure	   rate	  
was	  0.54	  mR/hr;	  a	  difference	  of	  16%.	  The	  difference	  may	  be	  attributed	  to	  1)	  Microshield	  buildup	  factors,	  
which	  are	  based	  on	  beam	  geometries	  that	  are	  monodirectional,	  not	  scattered	  (i.e.,	   isotropic	  radiation)	  
or	  2)	  the	  geometry	  of	  the	  model.	  	  Attachment	  1	  includes	  the	  results	  of	  the	  Microshield	  modelling	  for	  this	  
scenario.	  	  

To	  compare	  the	  effect	  of	   the	  slurry	  volume	  and	  density,	  one	  of	   the	   filter	  presses	  was	  modeled	  with	  a	  
layer	  of	  slurry	  inside	  the	  cylinder	  at	  the	  calculated	  density	  of	  1.6	  g/cc,	  instead	  of	  filling	  the	  volume	  of	  the	  
cylinder	   and	   lowering	   the	   density	   of	   the	   slurry	   to	   the	   modeled	   0.0825	   g/cc.	   Both	   instances	   were	  
modeled	  and	  the	  result	   for	  the	   layer	  of	  slurry	  at	  a	  density	  of	  1.6	  g/cc	  was	  42.5%	  lower	  than	  the	  same	  
model	  with	  the	  slurry	  mass	  distributed	  throughout	  the	  filter	  press	  volume.	  	  	  

The	  predicted	  exposure	  rates	  between	  locations	  vary	  throughout	  the	  room	  due	  to	  component	  proximity	  
and	  ore	  grade.	  Receptor	  Location	  15,	  for	  instance,	  is	  3	  cm	  from	  the	  surface	  of	  the	  “sack	  filling	  station”,	  
which	  contains	  an	  ore	  grade	  of	  one	  percent.	   	  A	  more	  reasonable	  approach	  than	  gridding,	   i.e.	  selecting	  
locations	  based	  on	  where	  individuals	  may	  spend	  a	  majority	  of	  their	  time,	  may	  be	  more	  useful	  to	  assess	  
doses	  to	  workers.	  	  
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4. CONCLUSION	  

Exposure	   rates	   that	   were	   predicted	   for	   the	   room	   containing	   the	   ablation	   technology	   were	   modeled	  
using	   Microshield.	   These	   exposure	   rates	   are	   conservative	   and	   these	   conservatisms	   have	   been	  
approximated.	  
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Attachment	  1:	  	  
	  

Microshield	  Filter	  Press	  Output	  
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